UNCLASSIFIED RFOSR 82 08197

! -A181 348 SYNTHESIS OF NOVEL FLUORINE COMPOUNDS - NEMN EXPERINEITRL i1
| HRLLENGES IN ELE (U) TEXAS UNIV AT AUSTIN DE
STRY R_J LAGOW 3@ APR 87 AFOSR-TR-8 7-




.. "
|||| 1.0 &
—— 3
—— Lk
&

= ul.
=
LS Jlis pie

.'. L ) A \J .“‘ "'.."..’.‘." ¥ N NS 4 .' \ '.‘ \/ \J " » \ » - - ". L) ..
R
IR e e YO P (" LY ) ¢ ly "
WA NI, "h:.! RN :" il "'."&‘,:}:'3.“'::?:.:1:9:1 " tap’a:

] )
DRt
o ‘;"’“s"v"r,l“.l";i',x CENE IO ey he, Maten! ‘
L AN R IO RO )

-

A
;

My %,
1 '
A




TN W WS, W— e s

. UTIG EILE_COEY o

Approved for public releasds

AD-A181 340

distribution unlimited

FINAL REPORT AFOSR-TR- 87-0 600

to

AIR FORCE OFFICE OF SCIENTIFIC RESEARCH
Building 410
Bolling Air Forqe Base

Washington, DC 20332-6448

SYNTHESIS OF NOVEL FLUORINE COMPOUNDS: NEW EXPERIMENTAL
CHALLENGES IN ELEMENTAL FLUORINE CHEMISTRY

Grant Number AFOSR-82-0197

Presented by

Professor Richard J. Lagow
Department of Chemistry
The University of Texas at Austin
Austin, Texas 78712-1167
(512) 471-1032

OZ00 =4~

2358035

892 a3?

-q:‘:‘." - =y

- chQ 30
~«XEg 80

grtgall®
o - <

z =g

e . >3

- ) Rl

5.0 uiam

_O‘”wr;:?::';f_~g

3 85350

8 YW Ay

6' (.h:;.|--__

3 “’(g__.m

0 N2

o 2305

= TLTH

e r< =5

s =%%=

0-‘3 w

8 m

=S 3

va o

PR <

_—~

>

T

8

A4

€S,

ST ELRCT T
JUN 161987




A T L T TRy G W T e W T wmes s e s memmmm—m—— et ooy ™

i
U NCLASSIFIED j?’/ f/ 2 {/.J MAY 4 °x
-'. SECURITY CLASSIFICATION OF THIS PAGE » /= - : ‘ Sy

v REPORT DOCUMENTAT.ON PAGE OB Mo 0706 0188
M
K 1a. REPORT SECURITY CLASSIFICATION 1b. RESTRICTIVE MARKINGS
W Unclassified
) 2a. SECURITY CLASSIFICATION AUTHORITY 3. DISTRIBUTION / AVAILABILITY OF REPORT
" Approved fo: public release;
;;‘ 2b. DECLASSIFICATION / DOWNGRADING SCHEDULE Distribution unlimited
0!
:l' 4. PERFORMING ORGANIZATION REPORT NUMBER(S) 5. MONITORING ORGANIZATION REPORT NUMBER(S
g AFOSR. TR~ 87 ~0600
': 6a. N?ME OF F:ERFORI\_IIING ORGANIZATION 6b. C()I;FICE’I§YI:\I8§)L 7a. NAME OF MONITORING ORGANIZATION
i he University of Texas 2ppiicadle.
o at Austin AFOSR/NC
2'. 6c. ADDRESS (City, State, and ZIP Code) 7b. ADDRESS (City, State, and ZIP Code)
o Department of Chemistry Building 410
Austin, Texas 78712-1167 Bolling AFB

s Washington, DC 20332-6448
: 8a. NAME OF FUNDING / SPONSORING 8b. OFFICE SYMBOL 9. PROCUREMENT INSTRUMENT IDENTIFICATION NUMBER
‘ QRGANIZATION (if applicable)
B, AFOSR NC AFOSR-82-0197
W 8c ADDRESS (City, State, and ZIP Code) 10. SOURCE OF FUNDING NUMBERS
. Building 410 PROGRAM PROJECT TASK WORK UNIT
:\ Boll -ing AFB ELEMENT NO. NO. NO ACCESSION NO.
-, Washington, DC 20332-6448 61102F 2303 B2
: 11. TITLE (Include Security Classification)
bl SYNTHESIS OF NOVEL FLUORINE COMPOUNDS: NEW EXPERIMENTAL CHALLENGES IN ELEMENTAL
'y FLUORINE CHEMISTRY

12. PERSONAL AUTHOR(S)
o Richard J. Lagow
| : 13a. TYPE OF REPORT 13b. TIME COVERED 14. DATE OF REPORT (Year, Month, Day) 11S. PAGE COUNT
} Final rrom 6/1/82 1010/31/86] April 30, 1987 23
. 16. SUPPLEMENTARY NOTATION
[}
N 17. COSATI CODES *8 SUBJECT TERMS (Continue on reverse if necessary and identify by block number)
én: FIELD GROUP SUB-GROUP lemental fluorine, Copolymerization, Direct fluorination,
‘_’ Polymers, Perfluoropolyethers, Fluorocarbons <
:,_ 19. ABSTRACT (Continue on reverse if necessary and identify by block number) \
) This final report covers the most recent progress in this research program which has had
; ongoing support from AFOSR for the past ten years including the synthesis of perfluoro-
y polyethers via hydrocarbon polyesters, the synthesis of branched perfluoro ethers, the
K synthesis of the first perfluoro crown ethers and the process for partial fluorination

) of gas separation membranes.

@ |
>
> ’
e

,

.l

\ 20. C ;TRIBUTION / AVAILABILITY OF ABSTRACT 21. ABSTRACT SECURITY CLASSIFICATION
. X uncLassiFieo/uNLMITED (B saME AS RPT O DTiC USERS Unclassified

22a. NAME OF RESPONSIBLE INDIVIDUAL 22b. TELEPHONE (Include Area Code) | 22c. OFFICE SYMBOL
h | Or. Anthony J. Matuszko, Program Manager (202) 767-4963 NC
4 DD Form 1473, JUN 86 *: Peevious edifons are obsolete. | . 2 SECURITY CLASSIFICATION OF THIS PAGE
L} o

» T ' - UNCLASSIFIED

U

h

N RN Iy )

- -t gt A - B L a e . LA N N T . \ R
O : TSN ag, T RN D s o < e DN RN
‘:‘:""vg“‘;‘"f.‘ ! k“"“"‘"‘!"' ‘?ﬁ!’e'l: ¥ ' ;f'!;':"..' ,‘“‘...-‘_ A.fq‘!:*‘. ﬁ‘,"!‘n -‘:0; - ‘ !.!. S AT NS “ (2 !"*- L A) "l »! ,u"‘!"“'l‘a'.‘l" » -'I‘l'&‘-'l‘-'l‘?‘l‘!“ o}



T T T T T e Y e ey

4

ver the last several years our research program has been heavily involved
in developing the technology previously mentioned which is now being focused
upon commercially to established broad based routes to perfluoropolyethers, one
of the most exotic and important classes of high performance materials to be
developed over the last twenty years. OQur original route involved the very
straightforward controlied elemental fluorination of hydrocarbon polyethers, the

simplest process being the fluorination of the hydrocarbon poly(ethylene

FyHe ~
, (CH;CH,0), — (CF,CF,0), + HF )]

Thise direct fluorination techniques have markedly increased the number of
perfluoropolyether structures available for study; however, there are only 13
commercially available hydrocarbon polyether precursors.

We have developed a new synthetic method which we consider to be truly
general and which will open synthetic routes to literally hundreds of different
perfluoroether and perfluoropolyether structureSuax\This synthetic technique
involves the conversion by direct fluorination of hydrocarbon polyesters to

perfluoropolyesters followed by treatment with suifur tetrafluoride to produce

new perfluoropolyethers and in some cases perfluoropolyether esters which can

be hydrolyzed to produce functional fluorocarbon polyethers. + c.. .../ <,
¢
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The first reported syntheses in this manner were the conversion of

poly(2,2-dimethyl-1,3-propylene succinate) (I) and poly(l,4-butylene adipate)

‘ﬁf (1I) to novel branched and linear perfluoropolyether structures, respectively:
?

.'-‘.';5‘

4 P -

T m +m¢ic&occu,cu,co+. L—;‘,:,—",‘,-ecr,c':cs,o(cr,).oa-,

o CHy CFy

o o

o [ I e

' () + CHCHyOHCHOCCHICHICHICHLCOY, T3t

t

B . +CFRIOERYOS,

' These new methods offer a number of significant and important advantages.
;;ﬁ The first advantage with this technique is that it is possible to prepare
o perfluoropolyethers containing more than two sequential carbon atoms in the

perfluoropolyether backbone between adjacent oxygen sites. In the tetrafluoro-

:ﬁ" ethylene oxide and hexafluoropropylene oxide technology (i.e., polymerization
G‘.

ﬁ% of vinyl monomers and vinyl epoxides), one is limited to repeating two carbon-

ether chains. A second important advantage is that perfluoropolyethers with

"

}?% unsymmetrical repeating units (alternating copolymers) are available (AOBOAOB)
Q& whereas with vinyl epoxides, other than random copolymers, one must have

1;"\‘-

‘ repeating AOA structures. A third advantage is that this technique also is
ié; capable of producing highly branched ethers which have elastomeric propert{es
)

%ﬁi and fluids of higher thermal stability.
! It is clear that if one considers as a class vinyl epoxides of the form
3& of structure 2 where R groups are large, such as more than two trifluoromethyls
iy
:5? or structures much more exotic, polymerization would be hampered markedly by
v ‘r'g
;iﬁ the steric bulk of certain R groups, leading to a low molecular weight
ﬁg, materials.
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In many cases the synthesis of certain vinyl-substituted epoxide monomers would

be extremely difficult or impossible even if polymerization were not a problem

A fourth and very important advantage with this method is the ease with which

.V.t. a
-

? one can leave ester units in the high polymer and subsequently base hydrolyze
’ to produce difunctional fluorocarbon polyesters of lower molecular weight.
:
: i
1 qum.x.co»
i Functionalization of fluorocarbon polyethers is exceedingly difficult with
)
i conventional technology and often involves many steps and extremely high costs.
N
" An important effect observed when nonstoichiometric amounts of SF4 are used is
{‘ illustrated in Figure 1. Normally a 2-fold excess of SF4 {s necessary to obtain
4
\
A
" ™ /2 ‘ W n
R .
K ’
d' molecular weight
) Figwe 1. Gaussian distribution of difunctional perfiuoropolyether mo-
locular weights produced with # and #/2 mol of SF,. Both sampies are
K hydrolyzed to producs the discids after trestment with SF,.
]
:ﬂ the high molecular weight nonfunctional polymer. As illustrated, if less than
.’
¢ stoichiometric amounts of SF4 are used, one obtains different Gaussian
i‘ distributions of molecular weights, indicative of the average distance between
K .
3 the ester units left in the macromolecule. By varying the SF4 used, it is
R
i possible to shift the average molecular weight distribution at will. This
:; technology makes available a very low-cost route to important new fluorocarbon
i)
b surfactants and intermediates.
»
Nt There are some 350 commercially obtainable linear hydrocarbon polyesters;
‘} thus the sulfur tetrafliuoride-to-ether conversion technique is very broadly
N
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. applicable to produce many novel perfluoroether structures. There are also

Yok
1. ¥
’ over 750 hydrocarbon polyester structures prepared and characterized in the
e literature, allowing this technique almost total structural flexibility.
e
.'..
3::::' A new development in the perfluoroether field enables the synthesis of 4
OO \
KN . . .
Sy a number of surfactants and perfluoroesters containing ether linkages. This
extends the technique and the manuscript establishes a number of new synthetic |
o routes to surfactants.® There is already industrial interest in this new
::z"g'
Y technology.
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LI A number of really intriguing perfluoropolyether structures have been prepared using

this technique.4 For example, a manuscript is in preparation now on the following

- structure:

: CF3 CF3

c,‘: - e - e -

‘j;’;, ( CF2 C CFZO CF2 (l: CFZO )n

_’ﬁ;_ CF3 CF3

4

0:;’,: Note that this is a very interesting molecule structurally. It essentially
i

;':: contains perfliuoro neopenty]l (almost a perfectly spherical and inert fluoro-

carbon group) connected with a chain of very flexible oxygen hinges. The

LA

-:;::! materials that we have prepared have a degree of polymerization around 150
;:i“!

»ffﬁjf:. and are extremely stable solids (decomposing about 420°C). This structure is
. much 1ike a chain of pearls with the oxygen serving as the string and makes
o

;" very little contact with a surface, for example in lubrication studies. This
Lo

::" is thought to have potential as a solid lubricant and samples are under study
"™ in the National Aeronautics and Space Administration Lewis Research Center's
t:"‘

;;:. Tribology Department. Efforts are underway to make even higher molecular weight
W

o species.

28ty

. Another breakthrough in the synthesis of perfluoropolyethers involves the
e

'-'-:::: synthesis of branched perfluoropolyethers from copolymers based on

e

s

:;::‘ hexaf]uowoacetone.7 Three new perfluoropolyether structures have been produced
N

by fluorination of hexafluoroacetone copolymers with ethylene oxide-propylene

o

l; ‘ »

f.:;?.: oxide oxetanes: bexafluoroscetone/ethylene oxide copolymer

o s :

M r

! (~COCHRCHY0-), mal= (-COCF,CF,0-), M

o Fs Fs
.‘S’::‘: hezafluoroacstone/propylene oxide copolymer

Wl ' FsC CHy FyiC CFy

! oy

! (-COCCH0-), mpy— (-COCCF,0-), 2

P "c ] F' F

*:::: hexafluoroacetone/ozetane copolymer

(L%

i | L. b

':ﬂ‘: (~COCHEMELM,0-), ke (-(I:ocr,cr,cr,o-), 3
T ’ "‘

...............................
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fgg ) The general scheme of the polymerization process is as follows:

ﬁ R (X FiC R,

:@: CF4CCFy + n?inﬂo —_— :;Eoicn,o-z, — :;Ioccr,o-:,,,

éé% The physical properties of these new structures are still being evaluated but it
b should be noted that prior to our work there were available only Du Pont's

$§E homopolymer of hexafluoropropylene oxide and Monticatini Edison's polymerization
%g% of mixtures of oxygen and tetrafluorocethylene (to give two different

2 structures). Therefore with the exception of various molecular weight ranges,

,?@ before our work there were really only three structures known.

ff? Another significant breakthrough that has been made in our laboratory in
e the last two years is the process for partial fluorination of gas separation

f** membranes. We have known from previous work that fluorination of polymer

Lﬁg; surfaces provides excellent gas diffusion barriers and liquid diffusion

B barriers. We reasoned that light fluorination of a selective gas separation

;“‘ membrane would change the selectivity in very pronounced ways. We have then

;. tested this hypothesis on normal thin film membranes and soon hope to work on

i'{' porous fiber (asymmetric) membranes. We have found that the selectivity

$§: increases especially for "size separation" systems are very large indeed (often
;fs after light fluorination the increase in selectivity is on the order of 103!).
SHQ' These observations according to Professor Don Paul, a recognized authority in

f % the field, constitute a major breakthrough in separation technology. This

:;ﬁ area of chemistry will also be a substantial part of our new program; it is now
2 being developed jointly with Professor Donald Paul of The University of Texas

;;; Department of Chemical Engineering. A joint paper on this new phenomenon was

k’h recently pubHshed.8

H In a system as simple as polyethylene, Figures 2 and 3 show a dramatic

5?? selectivity effect. First note that on Figure 2 the helium diffusion and hydrogen
3
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w . diffusion are completely unaltered, thus there is no drop off in flow rate whereas

the permeability to carbon dioxide and methane are decreased by several orders of

e magnitude.

o
gg In our last proposal to AFOSR, we proposed synthesis of the highly branched
b».i

i perfluoropolyether structure below: cpa
e
S CF, - C -

Rk 3777
,.v,';!
,.‘-’:‘P l

CF

i 3 if2 HE
:

1:;::, CF3'?'O-CFZ-.(,:-CFZ-O-C-CF3
RN

e CFy CF, CF,

e I

* i
o CF, - C -

% 3 f CF3
% CF3
kL

Perfluoro(pentaerythrityl tetra-t-butyl ether)
!.:‘
%? We did prepare some quantities of this and found that it was a rather viscous

0
éh< fluorocarbon grease. Perfluoropolyethers, it should be said, are very special
)

e materials because the ether linkage acts as a hinge. Therefore, many perfluoro-
oy
éﬂ polyethers have extraordinary low temperature properties. It just does not take
W
(?c very much thermal energy to produce some degree of vibrational energy in the

()

G ether linkage. There is also at very low temperatures free rotation about the ether

N
zz; linkage. For this reason well chosen perfluoropolyether structures will
)

»3 have excellent liquid properties at temperatures as low as -80° or -100°C. This
f?i' also gives a small increase in the high temperature thermal stability since the
5&5 ether linkage introduces considerable flexibility under thermal stress.

%

! In the following pages one can see some of the structures that have very
o recently been synthesized in our laboratory:

]

o)

Yy

ne

3]

ATy
\~|
"
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PERFLUORO(PENTAERYTHRITYL TETRAMETHYL ETHER)

F
C+ 01 -0-0H, ) —2> C+ CF0CF3),

ut(wr) and wF nmr data:

8) 66.556

o) 119,363 ~70.0 (relative to CFCly)
c) 117,282 -57.9

mass spectral data:

(P-F) /e 533

C7F‘303 379

GF 02 29

C5F702 225

thoch 135 (base peak)

“3 69

elemental analysis:

cale. found
19.562 C 19.34
68.66 F 68.84
0.00 H 0.00
12.00 0 11.59

botling point: 130.7°C
meiting point -87.8°¢C
181 yield

PERFLUORO(PENTAERYTHRITYL TETRAETHYL ETHER)

MW, 562 [

=11~

CFy

0

|
cF,

|
CFy -0 -CF, - ? - CFy - 0 - CFy

K
0

|

CF3

F
€t O =0-CH ~CH_) oy G
PR B UM ¢

13C(‘9F) and 19F nmr data:

a) 67.012
b) 118.483
c) 116.047
d) 114,356

-90.3 (relative to CFCIJ)
-89.3
-67.2

mass spectral data:

(P-F)

CsF1793
€5F )10

CFg02

3

we 733 CF CF ,0CF,
a7 CFCF
D CFy
218

2

elemental analysis:

calc.

20.76% C
70.713 F
0.00
8.51 0

found
20.44
70.61
0.07
8.88

CF =0—CF =CF )}

M. 752 O
p2 c2434

CF3-CFz-OoCFz-C-CFz-O-CFZ-CF3

v AT TR

.
)

PERFLUORQ(PENTAERYTHRITYL TETRA-t-BUTYL ETHER)

F
Ce CHy=O-Gi CHy ) 3) g ——Lmis Cb CFp=0-GH CF3)3)a  M.W. 1153

‘9F nmr_data:
nmr shows a Sharp singlet at -70.0 for CF,

the CF, signal is an envelope of peaks centered at -130

2

mass spectral data:
no (P-F) observed

shows regularly spaced peaks characteristic of polymer:zea
saterial

material obtained is a viscous, very non-volatile
oil

CFy
CF, - C - CF3

CF3 CFy CF3
CFa-t'I-O-CF-tI:-CFZ-O-C-CF
CF

CF

n/e 185
119(base)
69

boiling point 170%¢
melting point -60°C
25% yield
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Further we have prepared what we believe is the first

perfluoro ortho-

9
carbonate: ce0o1,), COCFy), MW, 382
\ »a
,.‘:
!)5 “,
i % Botling point  20.8°C
.0 é -0 "3 Melting point  -45.0°C
. é Yield 49.53 ;
s t’:r ‘
EAMSY
3 |
A
by
N . 1% (vs est. sLest) ang 19 (vs. exe. CFCY,) e gata
a) 118.6 ppm -59.0 ppm
o b) 114.9 pom
ht
e
";::: |iss spectral data: eliemental analysis:
a mass spectral dat elemental analysis
?(i,l.:’ (r-ocr,)* 267 cale. found
' [eF(ocry),1* 201 17.05 ¢
s Cococr,]* " .77 ¢ in process
L ()
o focr,]* [ 0.00 ¥
o LN
BN focry* @ 18.18 0
[ 'Tv‘
) Recently we published a manuscript on the first perfluoro crown ethers. 10
f‘.;;; Namely perfluoro 18-crown-6, perfluoro 15-crown-5, and perfluoro 12-crown-4 have
‘:‘:\
ol been prepared o F
: 1l Properties and charactenzation of perfluoro 1S-crown-5 and
o o b perfluoro 12<crown-4.* Satisfactory elemental analyses (C. F) were
E j i B F,E jr, obtained.
',:‘{ » = F2 0 0 Fa 15-crown-$ 12-crown-4
+
:"‘0 Boiling point. °C 146 118
-:fze 12-crown -4 F2 F; . 12601
-
i perflucre 12-crown=4 e (vapourphase). o e 1188(vs).
‘ 1158(vs). 1160(vs).
745(m) 1080(m).
*, kR 825(m).
‘.{f T45(br)
;'i;.‘ FZ [o] ’2
4n et ‘>' N.m.1. (neat liquid) '9F =91.8(s)p.p.m. "YF =90 0(s)p p.m
: TH—usec F. 2 (ext. CFCly) (ext CFCly)
KA 4 1CH114.9(s) NCH1149(s)
'z%,o\)'z o) 4 (CF O
e ”-m-s 2 'z Mass spectrum, mv2 $80(CnF 20O« M=) M.(..F)" o
a
c‘*": perituoro 18 ~crown-$§ *» A table for the straight-chain fragmentation products listing mass
W spectral and ''F data (two pages) 1s available from the authors
‘a'.
h, i)
:‘, 7\
g“’ 03 Fi~0 0—F:
A “.I'z '1( " 3‘2
- 0,:'. . 1. T3 0 o]
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:' 'I () 0 ')
: W-crown-§ 172

perfivoro 18-crown-§
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This work by Wen-Huey Lin of our research group has produced some really
interesting and thermally stable fluorocarbons. The perfluoro crown ethers are
much weaker bases than crown ethers. We already know of a number of potential
applications for the materials. As far as coordinating cations, we are doing
some collaborative work with Or. Barry Haymore of Monsanto. We have succeeded
in showing that we can at least clatherate the potassium ion in 18-crown-6.

The perfluoro compounds 15-crown-5 and 12-crown-4 are nontoxic extremely stable
liquids whereas perfluoro 18-crown-6 is amazing in its physical appearance. It
forms beautiful crystals in sealed tubes often weighing as much as half a gram.
These single crystals have an appearance very similar to zircons, material
commonly used for sparkling costume jewelry. The structure of perfluoro

18-crown-6 has been done and is a feature of a second full paper about to

£
%7

The 18-crown-6 structures is considerably less planar than the hydrocarbon

structure.
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o The success that we had with the perfluoro crown ethers has also led us to
look for other systems that would have somewhat similar properties. Previously
X perfluoro cyclooctane was prepared by elemental fluorine reactions in our

‘I" ) 1

research program. Thus a very able member of our research group, Hsu-Nan

o Huang, prepared a number of unknown cyclic fluorocarbons and they too have

bt applications in the fluorocarbon biomedical area and licensing possibilities are
] 13

oy under discussion for these as wel
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-
!"-:-;':
»";'iﬁ; ' Note also in the figure above that there are some really interesting temperature
dependent NMR phenomena associated with the new species where nonequivalent
,}1;«:;& fluorine are observed until the ring compounds are heated and there is rapid
55;‘.‘
-4
555!:’ ring equilibration. The structures of these species are being obtained in
"?".:‘,
t collaboration with the Simonsen crystallography group at the University of
gty
‘fh; Texas.
R L .
BN Another area of active interest recently in our research program has been
“this
. the synthesis of organofiuorine sulfur compounds. One of the most spectacular
',i;;}: of these recently prepared is the species.perfluoroneopentyl sulfur penta-
Vot
j::,' fluoride which we obtained in high yield from the mercaptan.l4 We are in hope
“:.q'i‘
IR that this will also be a dielectric material such as SF6. Its boiling point is
;'.: 108°C and melting point -87°C. We are very interested in the structure of this
. n,
a9 material. g
:ﬁ. Cry AN i
v N l CF
CHy=C~CHp=SH :-'FL@/:;@T.. '\l/’ 3
S ! 2 |
o CHy . F
A 9.9
::l':: Lo B ] orfy vt
»'o"'c
'(f:'l
o o (2e 30
o be. O8N
5 :l' % e @ revucEEre, ssw reSTArLaseIs e e 13,19
". ” et —ummmm-xu
;':.:. = 3 A LE R e T eeyr°,
o) ’ \ ~—CF, RUCUART ISRt TR ’
“~ L A .. -
BN '/ L\" SLan. amarers ¢ 1820 (15140
hIN ’ . 1o s
%.‘ k) | ]
!‘:. crs
e W

- [ N T R P R T T
i SALAALARIL AL A2 100t Ll Ajllljlll PRI FET llll‘]lllllLlJlJl
. 130 100 ”

ue " ™

SR LRI A s
O S s

. . o .
Talind T \f Sy R O S O Oy NI e {5 W YO VAR LY,
I TR "5_.!3’.‘.13”0‘_.‘\“" K, \..‘.' _g,.r\' ‘ ) .!I, ’l" .i,.g__\.‘qr_lgg.‘ ,q!l,‘ ) \’:‘.‘(""‘! !.‘nl‘l._“c”!h.’j..‘l‘\,:! . ..,‘..’I‘._ :r(r LA N A .L'_.:*-




R T, L R

N

=

.

Y ey
. -
s

N

-

DR AW W, A
e T w g .

C A

sy

ey

On the next pages you will see a number of other sulfur fluorine carbon
compounds which were made for various reasons recently. Some of these have such
interesting structures where the syntheses should be of definite interest to
reviewers who have a background and interest in organosulfur fluorine chemistry.
Some are starting materials for new fluorocarbon functional membranes. Ten

other organofluorine structures are in the process of being fully characterized.
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Direct Fluorination of Tevometwiens sulfide
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Direct Fusringtion of (4-Butane sultere

Uei%) mn o rwrLmes-i. c-ovram smveme

(-] p
° I
s .
N\ .
@ :&nﬁ%—o_n? :l'z/o/l "'"3”2“’2'3." , i\
) 2 © 0 .
ﬁ\f”. . g
ettt b Wl
Y OV FOPY POVRY FUVOY POV FUVY JUVY FUUUY PPN PUVUN POV FOVOv
Highly branched perfluorocarbons e i 1

We have had a long and continuing interest in highly branched

fluorocarbons. One very interesting compounds just prepared is perfluoro-3,3-

diethylpentane (a perfluoroneopentane analogue).

Yerd%) mp o .
o crs
o CFa 4
¢ - e ¢ - -+ :
- - CF. C =,
oérr’E§z°§Ls1'% (31 ‘,}hf Eﬁt 33 a}%{'hh ﬂi ‘
S 3 s 3 c's,
Gy b! b; clpz
- L) ey ot betveman ’ » }cgc&
s BON: NOVETIN . SOM L] 2 &
as 2% e won TOR . Y 3
ap W ap @n
Yoo
. s
Crz
C .
TN
- c;; ? C{cz’ CFy i
3
g item """—"-JLJL""-* -
»
J‘MJLLAJJ-UMLM
13 110 108 (1] [1] »
[PV Py TV
-89




‘A.ﬁ!f

i '(p
A

=20~

v . We have some preliminary results as well on the propyl and butyl four coordinate

carbon species.15

It does appear that we may be able to synthesize both of those
compounds as well as produce some highly interesting fragment materials from the
i breakage of only one of the chains while the very sterically hindered molecules

undergo fluorine substitution.
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